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(54) POLYMERIC SOLID ELECTROLYTE 

(57)Abstract: 

PURPOSE: To obtain a polymeric solid electrolyte having ionic conductivity and a high 
mechanical strength. 

CONSTITUTION: This polymeric solid electrolyte comprises a low polar polymeric phase having 
a cross-linked structure, further a polymeric component of the low polar polymeric phase having 
double bonds and intramolecular or intermolecular cross-linkages produced by cleaving a part of 
the double bonds in a polymeric solid electrolyte in which a high polar polymeric phase of a 
polymeric matrix comprising the low polar polymeric phase and high polar polymeric phase is 
impregnated with an electrolyte. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect 
the original precisely. 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The solid polymer electrolyte characterized by for a low polar 
macromolecule phase having the structure of cross linkage in the solid polymer 
electrolyte into which the electrolytic solution sank at the high polarity 
macromolecule phase of the macromolecule matrix which consists of a low polar 
macromolecule phase and a high polarity macromolecule phase, and for the 
macromolecule component of this low polar macromolecule phase having double 
combination, and having the inside of the molecule which a part of the double 
combination clove and generated further, or bridge formation between molecules. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the solid polymer electrolyte which 
can be used for high-energy density cells, such as a lithium rechargeable battery. 
[0002] 

[Description of the Prior Art] The interest with the expensive cell which supplies 
power to these devices is attracted with development of pocket electronic equipment. 
Especially, a lithium rechargeable battery has the highest energy density, and 
development is furthered energetically. To such a lithium rechargeable battery, there 
is no liquid spill and the solid polymer electrolyte which can give the processability 
which can be mounted in the crevice between devices is collecting interest. The solid 
polymer electrolyte is asked for giving high ion conductivity and a high mechanical 
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strength. In order to satisfy such a demand, this invention persons proposed the 
polyelectrolyte into which the electrolytic solution sank to the high polarity 
macromolecule phase of the macromolecule matrix which consists of a low polar 
macromolecule phase and a high polarity macromolecule phase (refer to 
JP.5-2991 19,A). In this electrolyte, a low polar macromolecule phase maintains a 
mechanical strength, and the high polarity macromolecule phase which sank in the 
electrolytic solution is an ion tract phase. 
[0003] 

[Problem(s) to be Solved by the Invention] Although such a polyelectrolyte sank in 
and produced the macromolecule matrix which consists of a low polar macromolecule 
phase and a high polarity macromolecule phase to the electrolytic solution, the 
electrolytic solution infiltrated also into the low polar macromolecule phase slightly, 
the low polar macromolecule phase plasticized, and intensity fell, this invention is 
made in view of such the present condition, and the purpose has ion conductivity and 
a mechanical strength in offering a high solid polymer electrolyte. 
[0004] 

[Means for Solving the Problem] If this invention is outlined, this invention will be 
invention about a solid polymer electrolyte, and it is characterized by for a low polar 
macromolecule phase having the structure of cross linkage in the solid polymer 
electrolyte into which the electrolytic solution sank at the high polarity 
macromolecule phase of the macromolecule matrix which consists of a low polar 
macromolecule phase and a high polarity macromolecule phase, and for the 
macromolecule component of this low polar macromolecule phase having double 
combination, and having further the inside of the molecule which a part of the double 
combination clove, and was generated, or bridge formation between molecules. 
[0005] Although this invention persons had advanced examination of the solid polymer 
electrolyte into which the electrolytic solution sank to the high polarity 
macromolecule phase of the macromolecule matrix which consists of a low polar 
macromolecule phase and a high polarity macromolecule phase, in order to have 
suppressed that the intensity of a polyelectrolyte fell by permeation to the low polar 
macromolecule phase of the electrolytic solution which sank in, they found out that it 
was effective that a low polar macromolecule phase has the structure of cross linkage. 
[0006] Such a solid polymer electrolyte is suitably produced from macromolecule 
particle dispersion liquid. After specifically mixing the latex containing a high polarity 
macromolecule particle, and the latex containing a low polar macromolecule particle, if 
a dispersion-medium object is removed, a macromolecule particle will be condensed 
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and welded and the macromolecule matrix sheet which has a high polarity 
macromolecule phase and a low polar macromolecule phase will be formed. This 
macromolecule matrix sheet is sunk into the electrolytic solution, and a solid polymer 
electrolyte is produced. Under the present circumstances, alternatively, it is 
permeated by the electrolytic solution and it is absorbed by the high polarity 
macromolecule phase. In such production technique, the macromolecule which carried 
out the polymerization of the diene system monomers, such as a butadiene and an 
isoprene, or the macromolecule which copolymerized other low polar monomers in 
these dienes system monomer can be suitably used as a component of a low polar 
macromolecule particle. In the chain, such a macromolecule has double combination 
and has reactivity. If this double combination cleaves with heat, light, etc., it can form 
the structure of cross linkage between the molecules within a molecule by the 
addition reaction, ring closure, etc. And in the solid polymer electrolyte of introducing 
this structure of cross linkage, i.e., this invention, the fall of the mechanical strength 
by the electrolytic solution infiltrating into a low polar macromolecule phase can be 
suppressed effectively. 

[0007] Although the diene system copolymer shown above is compounded from diene 
system monomers, such as a butadiene and an isoprene, and a low polar monomer, the 
styrene-butadiene copolymer rubber (SBR) compounded from a butadiene and 
styrene as the typical thing is used suitably. A propylene, an isobutene, and ethylene 
are mentioned as an example of a low polar monomer which serves as a partner of 
other copolymerization. Furthermore, the derivative of styrene, such as a 
divinylbenzene or an alpha methyl styrene, is mentioned. These monomers may come 
out independently or may be used combining plurality. 

[0008] There should just be polarity which can sink in the electrolytic solution as a 
component of the high polarity macromolecule phase of the solid polymer electrolyte 
of this invention. As a monomer which forms a high polarity macromolecule, 
acrylonitrile, a fluoride vinylidene, a vinyl chloride, methyl methacrylate, methyl 
acrylate, a methacrylic acid (and metal salt), an acrylic acid (and metal salt), vinyl 
alcohol, a vinylidene chloride, ethyleneimine, a methacrylonitrile, vinyl acetate, vinyl 
pyrrolidones, or these derivatives are mentioned. The polymerization of these 
monomers is carried out independently, or copolymerization is carried out by plurality 
and a high polarity macromolecule is compounded. Moreover, these monomers can 
carry out copolymerization to other monomers, and can be used. For example, if 
copolymerization is carried out to conjugated-diene system monomers, such as a 
butadiene and an isoprene, when it has rubber elasticity and a polyelectrolyte is 
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produced, since a macromolecule has an electrode and good adhesion, it is suitable [ it 
is flexible, and ]. The acrylonitrile-butadiene copolymer rubber (NBR) compounded 
from a butadiene and acrylonitrile as a typical thing is used suitably. 
[0009] The electrolytic solution used for the solid polymer electrolyte of this invention 
changes with the uses, and is not limited especially, if the application to a lithium cell 
is considered — the metal salt of the component of the electrolytic solution — 
LiCI04, UBF4, LiPF6, LiNbF6, LiSCN, and Li (CF3 S03), Li (C6 H5 S03) and LiAsF6 
etc. — lithium salt is independent — or it is mixed and used 

[0010] Moreover, the mixture containing aprotic solvents, such as propylene 
carbonate, ethylene carbonate, gamma-butyrolactone, dimethyl carbonate, dimethyl 
sulfoxide, an acetonitrile, a sulfolane, a dimethylformamide, a dimethylacetamide, 1, 
2-dimethoxyethane, 1, 2-diethoxy ethane, a tetrahydrofuran, 2-methyl 
tetrahydrofuran, a dioxolane, and methyl acetate, and these is suitably used for the 
solvent of the electrolytic solution. In addition, the concentration of this electrolytic 
solution is a molality and it is suitable for it to be referred to as 0.01 - 5 mol/kg. 
[001 1] Although the method produced from macromolecule particle dispersion liquid is 
suitable for the solid polymer electrolyte of this invention May use a stabilizer for 
stabilization of macromolecule particle dispersion liquid, and a surfactant is suitably 
used for it. For example, :fatty-acid metal salt, the polyoxyethylene to which the 
following is mentioned, A polyethylene glycol, polyoxypropylene, an alkylbenzene 
sulfonic-acid metal salt, An alkyl-sulfuric-acid metal salt, a dioctyl sulfosuccinate 
metal salt, the polyoxyethylene nonylphenyl ether, Independent or mixture, such as 
polyoxyethylene stearic acid ester, polyoxyethylene sorbitan monochrome lauric-acid 
ester, a polyoxyethylene-polyoxypropylene block copolymer, and a polyether 
denaturation silicone oil. Although water is suitably used for the dispersion-medium 
object of macromolecule particle dispersion liquid, mixture with an organic solvent or 
water, such as alcohols, can also be used. 

[0012] Although the method which removes a dispersion-medium object from 
macromolecule particle dispersion liquid, and is produced is suitable for the 
macromolecule matrix film of the solid polymer electrolyte of this invention, it is good 
by the usual method, and may combine heating or heating, and reduced pressure. [ of 
the method ] However, in order to produce a uniform macromolecule matrix film, it is 
suitable to heat more than the glass transition temperature of the component of a 
macromolecule particle. It is also possible to carry out a pressurization press if 
needed and to fabricate a macromolecule matrix in arbitrary configurations. When a 
dispersion-medium object has a bad influence on the cell of a solid electrolyte 
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application place etc., it must heat more than the boiling point of this 
dispersion-medium object, or must remove a dispersion-medium object combining 
heating and reduced pressure processing. 

[0013] Although it is necessary to make the double combination in a low polar 
macromolecule react, and to form the structure of cross linkage in the solid polymer 
electrolyte of this invention, this can make a reaction cause by irradiation of 
electromagnetic waves, such as heat or ultraviolet rays, and radiation. The method 
especially by heating is suitable, and when forming a macromolecule matrix sheet, it 
can introduce the structure of cross linkage simultaneously. Although heating 
temperature should just be temperature to which double combination cleaves, 
especially 100 degrees C or more 50 degrees C or more are suitable for it. 
[0014] The usual method may be used for sinking [ of the electrolytic solution ] in, for 
example, it should just be immersed into the electrolytic solution in a macromolecule 
matrix film. Although the amount of sinking in of the electrolytic solution is 
controllable by the length of immersing time, it is suitable to make it sink in 10% of the 
weight or more among a polyelectrolyte. 
[0015] 

[Example] Although an example explains this invention in more detail below, this 
invention is not limited to this example. 

[0016] As example 1 macromolecule particle dispersion liquid The styrene 
free-wheel-plate diene copolymer by Nippon Zeon Co., Ltd. (Low polar macromolecule 
component) a latex (SBR latex; tradename : Nipol LX424) and acrylonitrile butadiene 
copolymer (high polarity macromolecule component) latex (NBR latex; tradename : 
Nipol 1571) by Nippon Zeon Co., Ltd. After drying at an ordinary pressure and 70 
degrees C for 5 hours, in order to make the crosslinking reaction of an SBR molecule 
cause after mixing by the solid-content weight ratio 6:4 and carrying out the cast on a 
glass substrate. It heated in vacuum atmosphere by 130 degrees C for 5 hours. At this 
time, the degree of vacuums were 0.1Torr(s). As a result of carrying out a vacuum 
drying, the macromolecule matrix film with a thickness of 200 micrometers was 
obtained. As a result of analyzing by the infrared spectroscopy, it was checked that 
absorption resulting from double combination of an SBR macromolecule chain is 
decreasing. It is this macromolecule matrix film UCI04 It was immersed in the 
electrolytic solution (LiCI04 concentration : 0.1 mol/a liter) which dissolved in 
propylene carbonate and 2-methyl tetrahydrofuran isochore product mixed solvent 
for 1 hour, and the solid polymer electrolyte was obtained. This polyelectrolyte was 
pierced to the dumbbell specimen [JIS2 (1/3)], and tensile strength was measured 
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with the tension tester made from Instron (speed-of-testing =20 mm/min). t nsile 
strength — 9 kgf/cm2 it was . 

[0017] In the macromolecule matrix formation process of the production process of 
the solid polymer electrolyte of example of comparison 1 example 1, instead of 
carrying out a vacuum drying at 130 degrees C for 5 hours, after drying at an ordinary 
pressure and 70 degrees C for 5 hours, it did not heat, but the vacuum drying was 
carried out in ordinary temperature for 24 hours, and the macromolecule matrix film 
with a thickness of 200 micrometers was obtained. As a result of analyzing this 
macromolecule matrix film by the infrared spectroscopy, reduction of absorption 
resulting from double combination of an SBR macromolecule chain was not accepted. 
Thus, it is the produced macromolecule matrix film LiCI04 It was immersed in the 
electrolytic solution (LiCI04 concentration : 0.1 mol/a liter) which dissolved in 
propylene carbonate and 2-methyl tetrahydrofuran isochore product mixed solvent 
for 1 hour, and the solid polymer electrolyte was obtained, the place which measured 
tensile strength like the example 1 — 3 kgf/cm2 it was . 
[0018] 

[Effect of the Invention] By the above explanation, there is an advantage that ion 
conductivity and a mechanical strength can offer a high solid polymer electrolyte, by 
this invention so that clearly. 
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